The c-myc proto-oncogene linked to the mouse Thy-1 gene transcriptional unit predisposes mice to development of thymic tumors consisting predominantly of immature CD4 CD8 cells. In an attempt to immortalize immature T cells expressing a known T-cell antigen receptor (TCR), Thy-1/c-myc transgenic mice were bred to TCR transgenic mice (F5), and CD4 CD8 cell lines were established from thymic tumors in double-transgenic mice. These cells expressed high-level heat-stable antigen (HSA) and were able to undergo programmed cell death upon induction with steroids and CD3 cross-linking, but not with cognate peptide. In addition, one line had rearranged and transcribed endogenous TCR c and genes, in spite of the fact that transgenic c and genes were also expressed. Furthermore, we show that Thy-1/myc transgenic mice deficient in recombination activating gene-1 (RAG-l) do not develop tumors, in contrast to RAG-1 -/-mice, which are also transgenic for both Thy-1/myc and the F5 TCR. This indicates that in order for thymocytes to be transformed by the Thy-myc transgene, they need to proceed to the double-positive stage.
INTRODUCTION
Overexpression of the c-myc proto-oncogene in humans has been implicated in the development of T-and B-cell leukemia, in which chromosomal translocations bring the c-myc in close proximity to either TCR-or immunoglobulin-gene regulatory elements (for reviews, see Dalla-Favera et al., 1982; Casares et al., 1993; Gauwerky and Croce, 1993; Stephenson et al., 1993) . In an attempt to establish immature thymocyte lines, we previously generated a transgenic mouse model carrying the murine c-myc under the control of regulatory sequences of T-cell-specific Thy-1 gene. Several lines of Thy-1/ c-myc (TM) transgenic mice developed thymic tumors from which cell lines of both nonadherent (thymocytes) and adherent (epithelial cells) phenotypes were established (Spanopoulou et al., 1989) . All established thymocyte lines from these mice were CD4 CD8 double-positive and expressed high levels of transgenic c-myc. Analysis of TCR-"Corresponding author. gene rearrangements in the thymic tumors revealed that thymocytes were of oligoclonal origin, suggesting that oncogenic transformation occurred at the CD4 CD8 stage in a stochastic manner. Those data supported the hypothesis that tumorigenesis is a multistep process and cooperation of c-myc with other genetic mutation(s) is required for neoplastic transformation, as had also been shown by others (Adams and Cory, 1992) . It was postulated at the time that the secondary event necessary to cooperate with the myc gene and transform the thymocytes occurred at the double-positive (CD4 CD8 /) stage of development.
An in vitro system of differentiation from doublepositive to CD4 single-positive stage has been described for an immature thymocyte line (Kaye and Ellenberger, 1992 (Fig. l a) (Fig. l b) (Wyllie, 1980) . Total DNA was extracted after treatment and was analyzed in an agarose gel. As shown in Fig. 4a (Fig. 3) Figure 5 shows that in RAG-l-/-mice, the double-negative CD4-8-thymocytes express Thy-1 at high levels. This indicates that the Thy-1 promoter is active in these cells, excluding the possibility of transcriptional inactivity of the Thy-myc transgene. HSA and their ability to undergo programmed cell death upon induction with steroids. In contrast to steroid treatment, however, 25. 
MATERIALS AND METHODS

Mice
The Thy-1/c-myc (Spanopoulou et al., 1989) (Kawabe and Ochi, 1992) .
Peritoneal macrophages from B10 mice were prepared according to Morikawa et al., 1993 (Sambrook et al., 1989) , and was reverse-transcribed (RT) by Moloney murine leukemia virus reverse transcriptase (Promega) using oligo(dT) primers (Promega). Onesixth of the RT products was amplified by polymerase chain reaction (PCR) in 1.5 mM MgC12, 60 mM KC1, 15 mM Tris-HC1 (pH 8.3), 6.75% glycerol, and 2U Taq polymerase (Perkin Elmer) using thermal cycler (Hybaid) . Sense primers for TCR Vc and V gene segments and an antisense primer for TCR c constant region have been described before (Casanova et al., 1991 
